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ABSTRACT

Spence, Tyler B. M.S., Purdue University, May 2013. International Standardization
Compliance in Aviation. Major Professor: Dr. Richard O. Fanjoy.

The commercial aviation industry is global in the sense that passengers travel around the
world from destination to destination. It is also global in that the states of the world
(countries) regulate the industry domestically and internationally. There is a unique stage
where the world comes together to promote aviation, discuss ideas and establish
international standards. This stage is the International Civil Aviation Organization
(ICAO). The 191 current member states signed treaties acknowledging their commitment
to abiding by the standards and practices established by ICAO. No state is 100 percent
compliant with international standards, however, and the purpose of this paper is to
explore the relationship between the fulfillment of compliance by individual member
states and the safety of the commercial aviation industry in terms of fatality rates.
Analysis of the results suggested that there is a relationship between compliance and
fatalities, as compliance percentage increases the fatality rate decreases. Further analysis
indicated the results were statistically significant regardless of the wealth of a state or size
of a state’s commercial operation.
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CHAPTER 1. INTRODUCTION

International organizations (IOs), more specifically International Governmental
Organizations (IGOs) and Non-Governmental Organizations (NGOs), are prominent
frameworks for negotiations and diplomacy among the states of the world. There are
approximately 238 international organizations that are focused on an array of issues from
humanitarian policies to environmental concerns. Some of the more prominent IOs
include the United Nations (UN), World Health Organization (WHO) and North Atlantic
Treaty Organization (NATO) (Barnett & Finnemore, 2004). Barnett and Finnemore
(2004) explain, “States create IOs to solve problems of incomplete information,
transactions costs, and other barriers to welfare improvements for their members” (p. 2).
As the world has become more globalized, international organizations have been created
to help make industries compete equitably and fairly. In the aviation industry, the
International Civil Aviation Organization (ICAO) was chartered to help enable a strong
and safe global aviation industry as commercial flights became a realistic means for
travel.

1.1 Problem Statement
The purpose of this study is to explore the link between participation in
international organizations such as ICAO and a safe aviation history. Analysis of this
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link could provide insight into the impact of state compliance with ICAO standards. This
research will focus on compliance with international aviation regulations and if such
compliance makes a difference in the aviation industry.

1.2 Research Question
In order to address the issue of ICAO standardization among states, the research
question to be explored is: “Is there a relationship between compliance with ICAO global
aviation standards and a safe commercial aviation industry?”

1.3 Scope
This research is focused on the commercial aviation industry and compliance
rates of individual states with ICAO standards. The research attempts to relate aviation
industry safety to the Effective Implementation percentage of an individual state’s
aviation regulations as guided by ICAO standards and procedures. The Effective
Implementation percentage is measured by the average value of eight critical areas
determined by ICAO. The analysis of the research will only attempt to determine
whether or not there is indeed a link between a state’s standards compliance and aviation
safety record.

1.4 Significance
Flights around the world carry passengers and cargo on a daily basis: aviation is a
global industry. ICAO is the international organization that oversees standards and
practices for participating states in an attempt to make the safest and most efficient
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industry possible. There are currently 191 participating members in ICAO that agree to
strive for the same goals. When an airline has an accident anywhere in the world it
affects the entire industry negatively, especially when fatalities are involved. Through
continuous compromise and negotiation, the participating states in ICAO have created a
collection of practices that intend to create a safer aviation industry. Intentions, however,
do not ensure that every state participating in ICAO implements all or any of the policies
recommended by ICAO. Axelrod and Keohane (1985) explain that international regimes
rarely have the power to enforce the rules or guarantee compliance to standards.
“Nevertheless, since governments with good reputations can more easily make
agreements than governments with bad ones, international regimes can help to facilitate
cooperation by making both easier and desirable to acquire a good reputation” (Axelrod
and Keohane, 1985, p. 250). Even though member states sign treaties agreeing to certain
standards, ICAO does not have the authority to force compliance. States are sovereign
and ultimately can choose to implement the standards and policies in their best interest.
Even with the best of intentions, fatalities still occur attributable to both unpreventable
and preventable circumstances. The fact that preventable accidents still occur indicates
that there is room for improvement.

1.5 Definitions
Effective implementation - the indicator used to benchmark state audit results. It is a
percentage of compliance derived by the ICAO Audits that is calculated by taking
the total number of satisfactory protocol questions and dividing it by the total
number of applicable protocol questions (ICAO, 2010a)
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Liberal institutionalism - a theory of international relations that says institutions are
“created by states because of their anticipated effects on patterns of behavior”
(Keohane & Martin, 1995, p. 46). “International institutions are created in
response to state interests, and that their character is structured by the prevailing
distribution of capabilities (Keohane & Martin, 1995, p. 47)
Protocol questions – Questions divided into eight specific areas used by ICAO to
determine the Effective Implementation percentage for the USOAP (ICAO,
2010a)
State - a sovereign entity recognized by international communities, also known as
countries or nation-states. State is the preferred term and will be used throughout
this study
Universal Safety Oversight Audit Programme - a tool used by ICAO to determine the
implementation and effectiveness of a member state’s compliance to international
standards (ICAO, 2011)

1.6 Assumptions
The following assumptions are inherent to the study:
•

The participating member states in ICAO represent nearly all commercial
airline traffic.

•

Proper regulation and oversight can help prevent accidents and incidents.

•

Regulations and policies affect aviation practices.

•

Individual states report accurate statistics.

•

Individual states are equally concerned about safety in aviation.
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1.7 Limitations
The following limitations are inherent to the study:
•

This study is limited to the data provided between 2005-2012 for ICAO
compliance and fatalities.

•

The primary data is limited to that obtained from ICAO

•

The research is limited to comparing fatality rates to number of departures in a
given state.

•

The research is limited to 177 states participating in ICAO.

1.8 Delimitations
The following delimitations are inherent to the study:
•

This study does not take into account states that are not members of ICAO but
have (potentially compliant) commercial aviation programs.

•

This study does not take into account the specific causes of accidents as
determined by an investigation.

•

This study does not examine the specific ICAO regulations such as
maintenance or licensing requirements of different states.

1.9 Chapter Summary
This chapter establishes the foundation of this paper. Included are descriptions of
the background, problem, research question, scope significance, assumptions, limitations
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and delimitations. The next chapter reviews in detail the existing research and historical
international agreements that shape the context of this paper.
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CHAPTER 2. LITERATURE REVIEW

International organizations (IOs) are formed through cooperation among states and
are based on a central global idea. The effect of globalization is that, as of 2004, there
were more than 238 international organizations playing a role in world affairs (Barnett &
Finnemore, 2004). International organizations such as the United Nations, the World
Health Organization, and the World Trade Organization have been established to provide
forums for states to negotiate issues and solve global problems simultaneously.
Globalization is extremely important to aviation. People are able to travel around the
world in a matter of hours and, in the hopes of creating an even more interconnected
world, states have developed international organizations to specifically facilitate
standards and practices for the aviation community. The ultimate goal of these
organizations, and the industry as a whole, is to provide for the most efficient yet safest
travel possible.
The international relations theory of liberal institutionalism, or institutionalism, can
be applied to aviation in order to help understand why states make decisions regarding
standardization and compliance with international practices. Institutionalism is a theory
of social science that seeks to discover why states behave the way they do. Two
researchers who popularized the theory of institutionalism, Keohane and Martin (1995)
state:
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When state elites do not foresee self-interested benefits from cooperation, we do not
expect cooperation to occur, or the institutions that facilitate cooperation to develop.
When states can jointly benefit from cooperation, on the other hand, we expect
governments to attempt to construct such institutions. (pp. 42-43)
There are four basic assumptions of the theory that define this theory: the world is
anarchic, every state has a military capability, a state is uncertain about the actions of
others, and survival is the most basic necessity of a state (Keohane, 1984). Anarchy
refers to the lack of a central government in world politics and “not to a denial that an
international society-albeit a fragmented one-exists” (Axelrod & Keohane, 1985, p. 226).
The individual state is the highest order of power in the international realm and a state
does not know the intentions of another. Therefore, central to this theory, is the idea that
states will cooperate out of necessity. “Cooperation in world politics seems to be attained
best not by providing benefits unilaterally to others, but by conditional cooperation”
(Axelrod & Keohane, 1985, p. 249). This theory can be used to explain why
international organizations such as ICAO are formed and used as an arena for multilateral cooperation. Axelrod and Keohane also explain, “International regimes do not
substitute for reciprocity; rather, they reinforce and institutionalize it. Regimes
incorporating the norm of reciprocity delegitimize defection and thereby make it more
costly” (p. 250). Compromise among states is not uncommon as states may even forego
an immediate short-term benefit to compromise for a long-term benefit. This systematic
evaluation to determine compromise makes the institutions effective and unique in
international politics.
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The current research must be framed with respect to the ultimate beliefs and goals
that the international community agrees upon because negotiations and multilateral
discussions are paramount to a successful organization. The two most important
international organizations impacting standardization and practices in aviation are the
International Civil Aviation Organization (ICAO) and the International Air Transport
Association (IATA). With the primary goals of efficient and safe travel in aviation and
the belief that cooperation is crucial on an international level, government involvement is
imperative. Aviation incidents and accidents in aviation can reflect poorly on the state
from which an aircraft operated, the state in which an incident occurs, and the airline
itself. There are considerable costs associated with an accident, including the loss of
human life. Achieving the safest aviation system possible is a shared goal across the
industry.

2.1 International Civil Aviation Organization
ICAO was chartered on December 7, 1944 and was officially ratified by a majority
of the original 52 signatories on April 5, 1947, becoming an official agency of the United
Nations (ICAO, n.d.a). The first meeting that established ICAO was negotiated in
Chicago during, what was appropriately called, the Chicago Convention (Talmon, 2009).
Today there are 191 participating states representing nearly every state in the
international aviation community as well as the world. Nayar (1995) describes the events
of the convention as successful despite natural conflicts that arose through diplomatic
discourse.

10
The participating states were able to agree on several key issues regarding “freedoms
of the air.” However, these states also stipulated that sovereignty of individual states is
essential (FAA, 1994). This means that even though all of the participating states agree
to adhere to the policies as set forth by ICAO, they do so at will and without commitment
or infringement on their authority. There is no higher authority than the state regarding
regulation and enforcement. This poses problems for all international organizations, not
just ICAO, because it means that the organization does not have any “hard power” to
exert its will on member states. Should a member state not choose to abide by a certain
policy then the most stringent action that can be taken is a vote to ban the member from
the organization. Ultimately, the expectation is that all of the states willingly accept the
policies and procedures of the organization because each state has agreed to adhere to
them. For ICAO, rules and policies are developed to increase the safety and efficiency of
the aviation industry.
The United States supports ICAO and was one of the original charter members. The
Federal Aviation Administration (FAA) (1994) through advisory circular 91-70 states:
As a charter member of ICAO, the United States has fully supported the
organization’s goal from its inception, being especially concerned with technical
matters. Through ICAO, the United States works to achieve the highest practical
uniform air regulations, standards and procedures for aircraft, personnel, airways,
and aviation services throughout the world. At the same time the United States
depends upon ICAO to ensure that navigation facilities, airports, weather, and radio
services provided by other nations meet international standards (FAA, 1994, p. 5).
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Currently, as the sole remaining superpower in the world after the fall of the Soviet
Union, the United States has a presence in most of the world. Kupchan states, “As the
new millennium opened, the West was not only running the show, but appeared to have
finally prevailed against its many antagonists” (pp. 1-2). Because it has such a high
profile, the United States is a key player in world politics and this includes participating
in and adopting the policies of world organizations. In the United States, the FAA uses
standards and procedures from ICAO to frame its own practices and maintain a safe
aviation industry.

2.2 The Freedoms of the Air
A state that agrees to follow the principles of ICAO is making a statement to the
other states on how it believes the aviation industry should operate. The initial group of
“five freedoms of the air” is one of the many outcomes of the Chicago Convention in
1944. These principles set the framework for how member states set their own national
policies with regards to international aviation. According to Milde (2008), freedoms, “in
order to stress their exceptional nature,” can be described as privileges that represent “the
basic and elementary proviso for the ‘right to fly’ internationally” (p. 104).
These five freedoms are derived from the International Air Services Transit
Agreement and the International Air Transport Agreement (Milde, 2008). The first two
freedoms granted by the Air Services Transit Agreement are the right to fly over a state
without landing and the right to stop in a state for non-traffic reasons such as refueling or
emergencies. These are important for international travel because states are able to fly
without regional limitations. These freedoms allow for aircraft to fly directly from
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Canada to Mexico, and in the process have the guaranteed right to be able to fly over the
United States without interference. In the same scenario, should an emergency occur
while over the United States, the second freedom would allow that aircraft to land in the
United States without fear of punishment from the United States.
Three additional freedoms added by the Air Transport Agreement are: the right to
allow passengers to disembark the aircraft in another state as long as they boarded in the
state in which the aircraft is operated, the right to allow passengers to board in a foreign
state if the aircraft is returning to the state from which it is operated, and the right to
board and disembark any passengers from any state in any destination (Milde, 2008).
This means that any signatory state has the right to allow passengers from any state to
board an aircraft and then be allowed to travel to their destination in any state on that
same aircraft.
ICAO recognizes nine freedoms of the air; however, these have only been
included in some bilateral or multilateral agreements and, the freedoms beyond the fifth,
have not been officially recognized by international treaty (Hamilton, 2007). According
to Milde, as of 2008, 67 of the participating ICAO states have not agreed to the
International Air Services Transit Agreement, meaning they only agree to the first two
freedoms. While the states may support having the international system in place to aid
the overall growth of the aviation industry, there are many states that do not participate
fully in the system. State sovereignty is a very important issue to individual states: if a
smaller state allows another entity to have authority over it then there is a chance that the
smaller state will lose its voice in the international system to larger and more powerful
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states. The goal is to find the balance between progress and improvement in the system
and keeping individual states satisfied.

2.3 International Objectives
ICAO has listed its specific objectives as derived from the Chicago Convention.
These objectives include:
a.

Promoting the safe and orderly growth of civil aviation throughout the world.

b.

Fostering the technical arts of aircraft design and operation for peaceful
purposes.

c.

Encouraging the development of airways, airports, and air navigation facilities
for international civil aviation.

d.

Meeting the needs of the world’s people for safe, regular, efficient, and
economical air transportation.

e.

Preventing economic waste caused by unreasonable competition.

f.

Ensuring the rights of contracting states are fully respected and that every
contracting state has an equal opportunity to operate international airlines.

g.

Avoiding discrimination among contracting states.

h.

Promoting the activities of all aspects of international civil aeronautics (FAA,
1994).
ICAO has expanded the stated objectives through its published standards known

as “annexes.” There are currently 18 annexes that describe how ICAO believes states
should handle issues from flight crews to security at airports (ICAO, n.d.). Along with
providing procedures through annexes, ICAO also publishes other reports that deal with
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safety issues in aviation. One of these reports is titled the “State of Global Aviation
Safety” (ICAO, 2011). This report contains statistics and information about the current
aviation industry from a global perspective and details particular items such as accident
rates and training procedures (ICAO, 2011).
A program that specifically focuses on member states maintaining compliance
with international standards as outlined by the annexes is the ICAO Universal Safety
Oversight Audit Programme (USOAP). This audit identifies areas of non-compliance
where resulting changes if implemented will help states to correct the deficiencies. There
are four components that such audits use to assess compliance for the USOAP: the
overall aviation related activity in an individual state, the level of compliance to the
safety related international standards, the percentage of the compliance of the State’s
regulations to ICAO standards, and the challenges the states face to improving their
safety programs (ICAO, 2011). It should be noted that two of these areas focus
specifically on safety. According to ICAO, in 2010, 177 of the 190 member states,
constituting 99 percent of the world’s air traffic, had been audited under the program
(ICAO, 2011).
Three of the nine international objectives listed directly use the word “safe” to
describe the goal and at least three of the others imply that safety is required in order to
complete the objective. The emphasis on safety in the objectives indicates that it is a key
element to a successful aviation industry. When an aviation accident occurs anywhere in
the world, especially involving injuries or fatalities, the general public is informed almost
immediately that the accident has occurred. In June of 2012 a plane crashed in Nigeria
that killed 153 people. That same day, CBS News in the United States had already
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compiled a report on the crash and was releasing details to the public (CBS News, 2012).
A plane crash, especially one where people are killed, perpetuates the fear that causes
people to resist or to refrain from flying (USA Today, n.d.) An airplane incident usually
becomes a high profile event because of the large number of people involved. In order to
maintain a positive image with the general public, the aviation industry must become an
industry where accidents are few and fatalities are at a minimum.

2.4 ICAO, Best Option for Global Safety
In the globalized, interconnected world of today, where the latest news is reported
almost instantly, the perception of safety in the aviation industry is just as critical to its
success as the actual safety rating. The extent to which states support and comply with
international standards directly affects actual safety, and ultimately the public's
perception of safety. Any accident involving a commercial airline garners attention
because of the number of possible fatalities and the enormous financial implications
usually associated with it.
In 1992, the FAA did an investigation into ICAO compliance of standards by
other states and found that, while there are not any states with 100 percent compliance,
two-thirds of the 32 states reviewed substantially failed to meet ICAO standards, and thus
were not allowed to fly into the United States with their own aircraft (Abeyratne, 1998).
This indicates a commitment by states such as the United States to abiding by and
enforcing the ICAO standards agreed upon. In 2011, the European Union (EU) used
ICAO standardization to restrict certain states’ airlines from flying into the EU. This ban
involves states such as Afghanistan, Republic of Congo, and Liberia where internal
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turmoil makes it difficult to comply with international standards and safety records are
not good (Europa, 2011). These bans, while maintaining a safer industry for certain parts
of the world, are not effective in improving the overall safety of the world. Kent Gourdin
(1998) states, “Unfortunately, air service agreements are negotiated just like treaties,
which means that other national issues unrelated to aviation can often influence the final
outcome” (p. 18). This is important because it demonstrates a significant weakness in the
international system when individual state sovereignty is held at a premium. Ultimately
ICAO has a significant lack of authority to enforce its own policies. It relies on the
assumption that the individual states will do everything they can to maintain the system
the way it is designed.
The principles and guidelines established by ICAO that set the basis for how
states should frame their own regulations are known as the Standards and Recommended
Procedures (SARPs). According to Button, Clarke, Palubinskas, Stough and Thibault
(2004), “These cover an entire gamut of subjects ranging from licensing of airmen to the
shipment of dangerous cargoes” (p. 253). These standards are promulgated throughout
the industry in order to establish a basic level of safety and uniformity among the
member states (Wells & Rodrigues, 2004). The ability to which the member states are
able to apply these standards in their own aviation legislation is the basis for the USOAP
audit and determining the Effective Implementation percentage. According to Button,
Clarke, Palubinsaks, Stough, and Thibault (2004), “The overall principles of safety
oversight requirements, that apply to national governments, were laid in the Convention
Treaty but have been refined, and effectively operationalized” (p.253).
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In order for ICAO to operate effectively, compliance to standards is only one step.
It is important for member states to contribute financially as well as with other available
resources. The United States is one of only a few major monetary contributors that keep
ICAO working as it was intended. According to the 2011 State of Global Aviation Safety
Report by ICAO, the Republic of Korea donated $51,000 USD since 2006 to help
improve safety programs of ICAO member states. On the other hand, the Millennium
Challenge Corporation, an agency of the United States government, is providing an
airport in Mali $183,000,000 USD to improve the Bamako-Sénou International Airport as
well as civil aviation safety and airport management. Many states do not provide
monetary contributions to ICAO to improve aviation; however, money is not the only
means to support ICAO. Credited as a significant accomplishment by ICAO, Japan sent
15 aviation experts to different states in Southeast Asia to provide assistance to improve
air traffic control and navigation facilities (ICAO, 2011).
Aviation is a major global industry, as people and cargo travel around the world
by airplane on a daily basis. On international flights, aircraft are operated between states
thus requiring significant cooperation. ICAO is the foundation that has helped that
process. What began as a new organization with relatively few participating states is now
a large IGO involving almost every country in the world. Ultimately having an accident
free, cost efficient aviation industry is the most desirable goal, and states are continuously
negotiating, compromising and trading in an effort to achieve that. States that participate
in the international system have a guaranteed way of being able to voice their opinion and
engage in multilateral discussion to improve the global safety of aviation.

18
2.5 Aviation Safety Trends
Accidents and incidents are counted and analyzed through investigations and
written reports. According to Wells and Rodrigues (2004), “the accident and its
investigation remain the most conspicuous source of insights and information leading to
accident prevention” (p.73). Incidents, or “events that can be defined loosely as nearaccidents” must be reported by an individual involved in the incident in order for
information to be accumulated (Wells & Rodrigues, 2004, p. 74). The term incident is
defined under Title 49 CFR Part 830 of the United States Code of Federal Regulations as,
“an occurrence other than an accident, associated with the operation of an aircraft, which
affects or could affect he safety of operations” (U.S. DoT, 2012, p. 491). There are many
databases that are used to collect information on accidents and incidents. The United
States has four organizations that collect and store data. These are the National
Transportation Safety Board, Department of Transportation, National Aeronautics and
Space Administration and the Federal Aviation Administration (Wells & Rodrigues,
2004). There are also international databases that store information on accidents and
incidents. There are ICAO’s Accident/Incident Reporting System (ADREP), the Aircraft
Accident Digest, and the List of Final Reports Available from Countries (Wells &
Rodrigues, 2004). These systems require an exchange of information that necessitates
the cooperation of states and a willingness to share data. As Wells and Rodrigues note,
“most of these countries use compatible EDP formats and codes, making it possible to
exchange data tapes and thus benefit from each other’s experience” (p. 90). Not all states
use this format and many states, such as the United States, have their own reporting
systems and organizations dedicated to accident and incident investigations.
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Accident trends vary among regions as well. According to the ICAO Safety
Report (2012), “the number of accidents grew by 4.1 percent and the global accident rate
for 2011 remains unchanged at approximately 4 accidents per million of departures” (p.
5). The number of accidents varies by regions, as well, with 10 percent of accidents in
Europe resulting in fatalities and 26 percent in Latin America and the Caribbean. North
America and Oceania had among the lowest number of fatal accidents (ICAO, 2012).
The ICAO Safety Report (2012) also states, “the considerable variance in traffic volume
among regions is a factor which needs to be considered when drawing broader
conclusions from accident rate information” (p. 11). In general, the more traffic that a
particular region has, the more accidents can be expected. North America, with the most
commercial traffic, despite having the highest number of accidents, did not have a single
fatality in 2011 (ICAO, 2012). It is also important to note that the ICAO Safety Report
(2012) also states, “the growth in volume in commercial scheduled flights seen in 2010
continued in 2011 at a rate of 3.5 percent. This increase coincides with a 3.7 percent
increase in the global real Gross Domestic Product (GDP)” (p. 5).

2.6 Chapter Summary
This chapter reviews the existing literature on ICAO standards and
implementation effectiveness in detail and provides a framework and historical context
for the research that will be completed. The next chapter describes the methodology that
was used to complete the research.
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CHAPTER 3. METHODOLOGY

This section outlines the type of research that was performed, how the study was
conducted, and how the data was analyzed.

3.1 Research Type and Framework
This thesis is a quantitative research study to test if a relationship exists between
compliance rate of an individual state to ICAO standards and number of fatalities in
commercial accidents between 2005 and 2012. This research uses a correlation model
that tests the results against a null hypothesis determined by the evidence of a
relationship. The key independent variable in this study is the Effective Implementation
percentage of each individual state as given by ICAO. This implementation rate is
determined from an average of percentages obtained from eight key ICAO areas, “The
Eight Areas Audited for Effective State Safety Oversight” (ICAO, 2011, p. 7).
According to the 2011 ICAO State of Global Aviation Safety Report, these areas include:
1. Primary aviation legislation and civil aviation regulations
2. Civil aviation organization
3. Personnel licensing and training
4. Aircraft Operations
5. Airworthiness of Aircraft
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6. Air navigation services
7. Aerodromes
8. Aircraft accident and incident investigation (p. 7)
ICAO has a list of specific questions in each emphasis area, called protocol questions.
The total number of questions determined to be satisfactory divided by the total number
of total protocol questions for a particular area is calculated to be an implementation rate.
ICAO audits the regulations of each member state and associates the regulations with the
emphasis areas. A protocol question in an emphasis area is determined to be satisfactory
by a state when compliance answers the question. Each emphasis area has an overall
compliance rate based on the compliance of regulations in that particular area. The
average of the eight implementation rates is calculated, determining the Effective
Implementation rate for a particular state (ICAO, 2010a).
The key dependent variable is fatality rate, determined by creating a ratio of
fatalities per departure. This eliminates bias that results from a state with a significantly
larger aviation industry and a larger fatality rate. Once a correlation value is determined
it can then be tested against a null hypothesis. The research question is as follows:
•What is the correlation coefficient between ICAO Effective Implementation percentage
and accident fatality rate, determined at a .05 alpha level of significance.
For this study, a negative correlation meant an increase in Effective
Implementation was linked to a decrease in fatality rate. A positive correlation (an
increase in compliance standards correlating to an increase in fatalities) fails to show that
compliance to standards is an effective way of reducing fatality rates or increasing safety.
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3.2 Sample
The sample being used in this research is the set of data from reporting member
states of ICAO. There are 191 participating states in ICAO, but only 179 states have
reported their implementation percentage to ICAO between 2005 and 2012. From that
list of 179, there are two states, San Marino and Andorra, which do not have any reported
commercial departures or fatalities, and were excluded. Therefore, 177 of the 191
member states meet the requirements for this study. A random sample does not need to
be taken to draw conclusions about the entire population because enough data is available
and nearly every state in the overall population has reported data.

3.3 Data Collection
The data used in this study was collected by ICAO. Of the 191 participating
states in ICAO, Effective Implementation rates were only collected from 179 between
2005 and 2012. Their data also contains the number of fatalities that occurred during that
period along with the number of departures. The number of fatalities was divided by the
number of departures to determine a fatality rate for a particular state. Bowen and Lu
(2004) determined in the Aviation Safety Rating that the three most critical factors to
evaluating safety were fatality rate, average fleet age and accident rate. This will be the
key data used to determine if a relationship exists for the purpose of this study.
Inequality of wealth is evident around the world, with the states divided into
categories of developed states, developing states and underdeveloped states. According
to Tucker’s Inequality Among Nations (1977):
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It is the conditions of a society marked by the absence of effective collective
procedures, competitive rather than cooperative, and lacking in commitment to a
common good that has insured the differences in power and wealth will be
employed to perpetuate inequality (p. 3).
These inequalities result in an uneven continuum of development (Tucker, 1977). These
differences in wealth equate to varying amounts of money available for states to spend,
and less wealthy states inevitably cannot afford to spend the same amount of money on
the same matters as wealthy states. A common figure used to determine the wealth of a
state is the Gross Domestic Product (GDP). GDP has been used as a covariate in
previous studies, such as a correlation study by Goldhaber-Fiebert, Lipsitch, Mahal,
Zaslavsky, and Salomon (2010) concerning death rate and measles vaccinations in 44
countries. This study found that higher levels of vaccine coverage reduced the mortality
rate in measles-related deaths in children under five. It also found that states with less
GDP values benefit more from higher vaccine coverage than states with higher GDP
values (Goldhaber-Fiebert, et al., 2010). Just as there are inequalities among states in
healthcare, there are inequalities among states in aviation system expenditures. These
inequalities of wealth make it difficult for states to maintain a safe aviation industry and
thus GDP can be used as a covariate to control for this. The GDP numbers in this study
were obtained from the World Bank database between 2005 and 2012.

3.4 Testing Method
The Pearson Product Moment correlation was used to identify the relationship
between compliance rate and fatality rate. SPSS was the statistical tool used to evaluate
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the data and to run various correlations and models. A datasheet in Microsoft Excel
contained the original values and categories used as input into SPSS. An r-value was
determined in the range from -1 to 1 with a negative score determining if a correlation
exists for the purpose of this research. The GDP was used to control for variations in
wealth of the member states. To account for this variance, an analysis of variance
(ANOVA) was performed with GDP as a covariate. The GDP numbers for each state
were averaged between the years 2005 and 2012 in order to accurately compare them to
the average ICAO data over the same time period.
The data collected and the tests that were performed were verified as both reliable
and valid. Reliability and Validity refer to the ability for the outcome to be consistent
and accurate. Sproull (1995) defines reliability as “consistency for measurement. The
degree to which an instrument measures the same way each time it is used under the same
conditions with the same subjects” (p. 74). The data was obtained from a test conducted
and verified by ICAO. The Pearson correlation and ANOVA are common statistical
tools used for analysis (Warren, 2013). They are used repeatedly and are known for
producing consistent results.
Validity, as defined by Sproull, is “accuracy of measurement. The degree to
which an instrument measures that which is supposed to be measured” (p. 74). The
USOAP by ICAO was established to measure Effective Implementation percentage. The
fatality number counts those where the fatality occurred, not necessarily the state where
the flight was registered. The Pearson correlation and ANOVA tests are widely used
tools in statistics that analyze the information accurately as well. New tests were neither

25
designed nor implemented in this study, thus reliability and validity have already been
established for the tools being used for analysis.

3.5 Chapter Summary
This chapter describes the important variables used in the research, and the
hypotheses that need to be tested. It also describes the data used and the testing methods
utilized.
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CHAPTER 4. DATA AND FINDINGS

This chapter describes the quantitative analysis and findings from the dataset
containing Effective Implementation rate of ICAO member states and their associated
fatalities between 2005 and 2012.

4.1 Data Analysis
The following analysis examines the relationship between a member state’s
compliance with international aviation standards and the number of fatalities that
occurred. It takes into account various factors such as region of the globe, economic
development and average gross domestic product (GDP) to illustrate how these factors
moderate the relationship between states, state compliance, fatalities, and fatality rate.
The data were analyzed to answer the research question presented, determining
specifically the extent of the relationship between Effective Implementation and fatality
rate. Table 4.1 is an abbreviated section of the complete dataset used for analysis;
however, the entire dataset can be found in Appendix A. There were a total of 177
member states that had enough data to be able to make an appropriate analysis. From the
191 original states in the data set, 11 did not yet have an implementation analysis
percentage completed through the Universal Safety Oversight Audit Programme
(USOAP) by ICAO. From the 179 states that did have a percentage, two more states, San
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Marino and Andorra, were removed from analysis because they did not have any reported
commercial aircraft departures over the specified time period of this study. This analysis
specifically focused on states with a functioning commercial system with the possibility
for fatalities, so the removal of these two states was necessary and appropriate.

The states that did not have identified implementation percentages were states with small
commercial aviation operations, the largest of which had an average of 66,233 departures
a year and the smallest only had 373 departures a year. There are 274,806 average
departures per year among the 177 member states used in the study. A complete list of
the member states not examined in this analysis can be found in Appendix B.
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The remaining 177 member states used for analysis still represented every region
of the globe consisting of 97.2 percent of total commercial fatalities between 2005 and
2012, as well as 99.7 percent of global commercial departures in that same period. With
nearly all of the global aviation industry accounted for, an understanding of compliance
to international standards and its relationship to fatalities can be evaluated.
One of the most problematic issues facing the analysis was the difference in size
of operations. The variability and range of numbers appeared to skew the data and
interfere with its linearity. The largest state with the most departures over the eight-year
period was the United States of America with 127,957,788 departures. The smallest state
evaluated was Nauru with a total of 2,209 departures. The total number of fatalities also
appeared to skew the data with the United States of America having 1,298 fatalities, the
largest number of fatalities over the specified time period. Nauru, in comparison, did not
have a single fatality along with 67 other states. As shown in Figure 4.1, a simple linear
regression appears to indicate that an increase in departures correlates to an increase in
fatality rate. The Pearson correlation statistic determined there to be a correlation of
.654, and an r 2 effect size (ES) of .428. The r 2 of .428 means that 42 percent of the
variation of fatalities is explained by departure size. Cohen (1988) created a scale for ES
for€r and r 2 values, establishing .1 €
or .01 and below as a weak ES, between .1 or .09 a
medium ES, and .5 or .25 and above as a strong ES. Cohen stated, “My intent was that

€medium ES represent an effect likely to be visible to the naked eye of the careful
observer” (p. 156). This indicates that there is a noticeable increase in fatalities as the
size of commercial operation within a state grows. In order to account for this disparity,
it is more appropriate to use metrics that control for the size of the operation. In order to
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do this, the average fatalities per year were divided into the average departures per year,
as determined from the eight-year scope.

Figure 4.1 Scatter Plot of Total Departures and Total Fatalities Between States

This information (see appendix A) was obtained from the column in the original dataset
titled “Fatality per Departure”. This adjusted measure accommodated for the different
sizes of operations in each state. By accounting for the size of the overall commercial
operation in a state, the comparison of Effective Implementation percentage to fatalities
was more plausible. Figure 4.2 shows the scatter plot of all states with the Effective
Implementation being compared to the average fatality per departure, or fatality rate. The
basic Pearson correlation coefficient for this analysis is -.236 and a corresponding r 2 of
056. This is not a strong effect size, but almost six percent of the variation of fatalities is
explained by Effective Implementation. This suggests that as Effective €
Implementation
increases (as states become more compliant with international standards) the overall
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fatality rate per departure decreases. An analysis of variance (ANOVA) was conducted
for this regression as well. The null hypothesis tested if the slope of the predictor,
Effective Implementation, is equal to zero. In this analysis the F statistic was 10.278
corresponding to a p-value of .002, significant at the .05 alpha level.
€

Figure 4.2 Scatter plot Comparing Effective Implementation Rate and Fatality per Departure

4.2 Regional Variance
The world has multiple regions and each has a unique set of characteristics.
These regions have different levels of overall growth, different sized aviation operations
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as well as different fatality rates. ICAO has a framework for combining the member
states into 6 different regions: Africa, Asia, Europe, Latin America and the Caribbean,
North America, and Oceania. Figure 4.3 shows the total number of member states within
each region. It is important to note that the regions have differing numbers of states.
Africa, Asia and Europe have the most states within a region, while Oceania and North
America have the fewest. An examination of Figures 4.4 and 4.5 reveals that the number
of commercial departures and the total number of fatalities do not correspond to the
number of states: in both figures, North America has far more of both fatalities and
departures than the rest of the regions of the world.

Figure 4.3 Number of ICAO Member States in Each Region
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Figure 4.4 Average Number of Fatalities per Region

Figure 4.5 Average Commercial Departures by Region

It is not possible to statistically compare the means of the regions with ANOVA because
the groups did not exhibit equal variance, which is a fundamental assumption of
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ANOVA. Levine’s test for homogeneity is a statistical tool able to determine if constant
variance is violated. A p-value less than .05 is significant and significance in this test
indicates that the assumption is not met and the ANOVA cannot be performed. Testing
the variance between regions on variables including departures, fatalities and Effective
Implementation, significant results were returned. The critical value of the test for
homogeneity was 5.316, corresponding to a p-value of less than .001. Because the
difference between the means is significant the ANOVA cannot be performed to compare
regions. The bar graphs of Figures 4.3, 4.4, and 4.5 provide a graphic representation of
these discrepancies.

4.3 Covariate Analysis
As seen in earlier figures, there is a wide variance of the number of states in each
region and the number of departures. The United States of America, for example, is one
of only two states representing the North American Region (Mexico is included in the
Latin American and Caribbean states in this analysis), yet this region ranks the highest in
departures and fatalities, from 2005 through 2012. Data derived from the World Bank
and the Central Intelligence Agency (CIA) and averaged over the same time period
shows that the amount of money available to a state in terms of Gross Domestic Product
(GDP) also varies widely. Table 4.2 shows an abbreviated list of the variance of GDP by
state. As seen in the table, the United Kingdom of Great Britain has maintained an
average GDP of about $2.4 trillion USD between 2005 and 2012, while a state such as
Vanuatu in the Oceanic region has only averaged $652 million USD over that same
period. This table represents a small sample of the disparity of GDP between states as
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well as the regions of the world. As the entire GDP represents the accumulated wealth of
a state, and that state spends its money on a variety of factors, there does appear to be a
correlation between GDP and the Effective Implementation rate based on an r value of .3
and as shown in figure 4.6. The outlier in the top right corner is the United States. The
United States has the largest average GDP from 2005 through 2012 with about $14
trillion USD. The United States has a high implementation

Figure 4.6 Scatter plot of Effective Implementation Rate and Average GDP

Table 4.2 State Name and Economic Status
Status

Region

State Name

Avg GDP $US

developing

Africa

Zimbabwe

6379000000

developed

Latin America

Venezuela

289595000000

developing

Oceania

Vanuatu

652000000

developed

Europe

United Kingdom of
2428980000000
Great Britain

developed

Asia

Turkmenistan

21036481585
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percentage, around 91 percent. South Korea has the highest implementation percentage,
almost 99 percent, but only has around an average GDP of $1 trillion USD. The scatter
plot suggests that an increase in Effective Implementation corresponds to an increase in
GDP. The Pearson correlation between the two variables was .30, and had a
corresponding ES of .09: as Effective Implementation increases, GDP does as well.
Nine percent of the variation in Effective Implementation is explained by GDP. Until an
implementation rate of around 60 percent is reached the correlation is not very evident to
the eye. A scatter plot examining the correlation between the developed states and
developing states as defined by the United Nations Statistics Division is presented in
Figure 4.7. The states were classified as economically developing states or developed
states, based on the United Nations Statistical Division, to determine if the economically
weaker states are those that constitute a horizontal line across the bottom of the graph, or,
if as they improve economically, their ability to comply with the international standards
increases accordingly. SPSS was used to draw a regression line, or line of best fit, for
both the developing sates and the developed states. These regression lines attempt to
predict a particular point for a given unit across the x-axis. Warner (2013) states, “the
nature of the relation between X and Y is describe by the slope coefficient, b, which can
be interpreted as the number of units of change in the raw score on Y that is predicted for
a one-unit increase in the raw score on X” (p. 344). This means that on the regression
line a value is constructed that determines the rate at which the line increases or decreases
per unit. A line that increases as x increases has a positive slope, while a line that
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decreases while x increases has a negative slope. In Figure 4.7, the regression line for
each group was determined by SPSS calculations. There is a positive slope for both
regression lines, but there is a difference between the slopes of developed and developing
states comparing Effective Implementation on the x-axis and Average GDP on the y-axis;
the developing states have a slope of .045 and the developed states having a slope of .11.
Because there is a positive correlation between GDP and Effective Implementation
percentage, among both developed and developing states, after accounting for GDP, a
relationship between Effective Implementation and fatalities exists.
As previously described, using the measurement of average fatality per departure
minimizes the disparity between total number of fatalities among states. It cannot
eliminate the disparity, however, because there are other factors that contribute to the
total number of fatalities such as the size of aircraft. Larger aircraft carry more people;
one crash may have 150 fatalities for just one departure. Certain states may have more
accidents; yet, because of smaller aircraft, they may not have as many fatalities. The size
of operation within a state may also affect the average fatality per departure as well.
States with a large aviation system, such as the United States, have a larger sample size to
reflect the number of fatalities. To account for this, using average fatalities per departure
as a variable reduces the chance for misinterpretation and standardizes the dataset. The
variation in number of departures among region is important and necessary to consider
when evaluating accident rates, as noted by the ICAO Safety Report (ICAO, 2012).
Using the average fatality per departure as a variable, an ANOVA test was performed to
conclude the significance of Effective Implementation after accounting for GDP. The
analysis conducted showed a partial correlation of -.224. This partial correlation
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explained the relationship between Effective Implementation and average fatality per
departure after GDP was already taken into account in the statistical model. A t-test
showed that these results had a critical value of -3.037 and a p-value of .003. The
negative correlation indicates that as Effective

Figure 4.7 Effective Implementation Rate Compared to Average GDP by Economic Status

Implementation increases, the number of fatalities per departure decreases. The p-value
indicates that even with a relatively low slope for the developing states, as indicated at
the lower end of the scatter plot in Figure 4.7, there is still enough data to show an effect.

38

CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS

This chapter discusses the conclusions derived from the analysis of the data in the
previous chapter. For the purpose of drawing conclusions in this study an alpha level of
.05 was used to determine significance. This is a common number used in statistical
quantitative research. Meyers, Gamst, and Gaurino (2009) described it as the “traditional
0.05 level” (p.34), implying there is only a five percent chance that the null hypothesis
will be falsely rejected due randomness of the data collected. This research included an
analysis of several correlations. The Pearson correlation was used to determine the r
value and r 2 value, and values of .1, .3, and .5, or .01, .09, .25, and can be considered
small, medium and large correlations respectively (Cohen, 1988).

€
5.1 Conclusions
There are several conclusions that can be drawn from the analysis of the data.
Based on the overall analysis of Effective Implementation and average fatality per
average departure, a relationship is suggested. The Pearson correlation r value of -.23
between the fatality rate and Effective Implementation is negative, meaning that as
Effective Implementation increases, the fatality rate decreases.€ The 67 states that had no
fatalities during the sample period do not prevent a relationship from existing, even
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though not a single state in the upper ten percent of implementation percentages was
fatality free.
The scatter plot showing the relationship between Effective Implementation and
GDP also indicates a correlation. The r value obtained from that analysis, .30, is a
positive correlation and slightly stronger than the relationship between implementation

€ correlation suggests that as GDP increases, implementation
and fatality rate. The positive
increases as well. However, the scatter plot indicates that there does not appear to be a
meaningful rise in GDP as implementation increases until an implementation percentage
of approximately 60 percent is reached. As stated by the ICAO Safety Report (2012),
“the growth in volume in commercial scheduled flights seen in 2010 continued in 2011 at
a rate of 3.5 percent. This increase coincides with a 3.7 percent increase in the global real
Gross Domestic Product (GDP)” (p. 5). This appears to suggest that states with more
wealth available are able to incorporate more international standards in areas such as
aviation.
The economic classification of the state into developed and developing was used
to show the significant effect GDP has on state implementation of standards. There is
evidence that both developing and developed states are more compliant as their GDP
increases, although the developed states appear to be the most compliant. The correlation
values for the developing states was .111 while that of the developed states was .45,
suggesting that although the developing states do not have a tremendous amount of
growth, there is still a small positive correlation. It appears that the wealthiest of the
developed states have a greater implementation percentage than the developed states with
smaller GDPs, while there is only a slight change in GDP among the developing states as
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implementation increases. The developing states are not as affected by differences in
GDP as the developed states. The slope of the correlation of the developed states shows
that more available money to spend corresponds to a higher implementation percentage.
Because there is a positive correlation between GDP and Effective Implementation
percentage, among both developed and developing states it is possible to determine if,
after accounting for GDP, there is evidence of a relationship between Effective
Implementation and fatalities.
Because GDP does appear to have an effect on the implementation percentage,
the next step was to determine if a relationship between Effective Implementation
percentage and fatality rate was still evident. The analysis determined, ANOVA, the
correlation was significant. The results showed a partial r value of -.224. The partial
correlation statistic was used because the analysis was suggesting the relationship

€ rate after accounting for GDP. The
between fatality rate and Effective Implementation
results were negative and a medium correlation of -.224 suggests that, even with
variations in GDP among states, as Effective Implementation rates increase, fatality rate
decreases. An ANOVA was performed on the regression, calculating a t critical value of
-3.037 and an associated p-value of .003. This p-value is lower than the accepted
€
significance level of .05, indicating significance. This suggests that the slope of the

regression line is not equal to 0; therefore, it is indicative of a true negative relationship
between fatality rate and Effective Implementation. A slope of 0 would indicate a
horizontal line, suggesting that as Effective Implementation increases, fatality rates
remain the same. The correlation of -.224, however, is negative and significant.

41
The results suggest that, even though it may be difficult for the eye to discern a
relationship when looking at figure 4.2, a negative relationship exists between the
Effective Implementation percentage and the average fatality per departure. The bar
graphs and scatter plots suggest that the larger and wealthier states have, as a whole,
larger commercial operations and higher compliance with international standards.
However, at the same time, the larger states also account for the highest number of
fatalities over a given time period. Despite this, a significant negative correlation appears
to convey the importance of compliance to international standards agreed upon by
member states. ICAO objectives have a specific emphasis on establishing and
maintaining a safe environment. Through the audit and the determined implementation
percentage from the protocol questions, ICAO is able to determine areas in which states
lack compliance, and emphasize the reduction in fatalities linked to increasing
compliance with standards.

5.2 Recommendations
Based on this study, the importance of compliance with international standards
can be addressed. Despite the size of a state, the wealth of a state, the number of
commercial operations, or the number of total fatalities in a given period of time, the
more compliant a particular state is with international standards coincides with a
reduction in commercial airline fatalities. States need to be informed of this research and
understand what the findings suggest. States should make their best efforts to ensure
compliance with the international standards set forth by ICAO because of an associated
improvement in safety and a reduction in number of fatalities.
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It should also be noted that states should ensure their current regulations are in
compliance with international standards and are being enforced. An established standard
could have little value if it is not enforced either internally or externally. Compliance
with standards should enhance commercial aviation safety, especially as air traffic
continues to become more congested and more people fly on a daily basis. As more and
larger aircraft are flying around the world, one accident can result in more fatalities than
in previous years. Even a single accident can have ramifications that hurt the entire
aviation industry, especially as aircraft accidents become highly publicized events.
ICAO should be a leader in the standardization and state compliance with
international practices. In March of 2013, ICAO held its Sixth Worldwide Air Transport
Symposium at ICAO headquarters in Montreal, Canada. The member states came
together to discuss the sustainability of commercial air transport into the 21st century
(ICAO, 2013a). Mr. Roberto Gonzalez, President of the Council of ICAO, noted that,
“An Air Transport Conference is convened approximately every ten years. The purpose
is to update ICAO policies for the long-term growth of international civil aviation” (p. 1).
The ICAO member states should consider holding these events more than once every ten
years as technology is subject to rapid change, and existing methods become antiquated
and unreliable.
Safety is a top priority for the sustainability of air transport, and compliance with
international regulations is a large step towards promoting a safe industry around the
globe. It is, however, only one step and the states should continue to cooperate for the
benefit of the global aviation industry. It is necessary that states support each other
through individual negotiations as well as through ICAO. Aviation is a global industry
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that requires global participation and cooperation. At the Sixth Worldwide Air Transport
Conference in Montreal, the participating states recommended in the final report of
working paper 1.1 that, “ ICAO should be the only forum for initiating global solutions
for the development of a sustainable air transport system for all interested parties”
(ICAO, 2013b, p. 6). Safety is a key to having a sustainable air transport system in the
future and the emphasis on compliance to ICAO standards should not be taken for
granted.

5.3 Future Study
An effective ICAO implementation rate is only one aspect of aviation safety.
This study explored the relationship between implementation of standards and fatalities,
not causation. More research needs to be done to explore other factors associated with
the implementation rate such as standardization of pilot training and number of accidents.
The USOAP conducted by ICAO needs to be investigated to determine if a particular
emphasis area lacks state compliance more than others and the possible safety effects
associated with that compliance or lack thereof. There may be need for ICAO to improve
the audit that addresses the current aviation industry. ICAO is in the process of amending
the USOAP. In 2013, ICAO is expecting to transition to a continuous monitoring
approach (CMA). ICAO states that, “Overall, the CMA represents the best long-term,
cost-effective, resource-efficient, and sustainable approach to safety oversight
monitoring” (ICAO, 2010b, p. 28). The CMA will change the USOAP from a one-time
evaluation of a state’s regulations to a systematic process allowing for continuous
evaluation (ICAO, 2010b). As ICAO implements the CMA, research will need to be
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done to evaluate the effectiveness of this new approach compared to the older USOAP,
its effect on compliance with ICAO standards, as well as the possible effects on overall
safety in the aviation industry. This study only addressed fatalities from commercial
accidents and did not evaluate the occurrence of incidents or accidents that did not
involve a fatality. There may be more evidence to support the compliance of
international standards in other variables besides fatalities. A completely safe aviation
industry is more than just one where fatalities are minimized.

5.4 Summary
This study addressed the relationship between the Effective Implementation rate
of state adherence to international standards and a safe aviation industry (for the purpose
of this research, the number of commercial aviation fatalities from 2005 to 2012 was the
metric used to evaluate the safety record of a state). The analysis suggested that a
negative relationship did exist after standardizing the number of departures and fatalities
among ICAO member states. There are currently 191 member states in ICAO, but due to
a lack of information only 177 of the member states were analyzed. GDP level appeared
to have a positive relationship with Effective Implementation. Accounting for that in an
ANOVA with GDP in the model first, followed by Effective Implementation of ICAO
standards, the fatality rate still had a negative relationship and the slope had a
significance level of less than .05. Lastly, this paper makes recommendations for future
study in the area of international aviation policies and standards.
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Appendix B: ICAO Member States Not Considered

*Newest ICAO member state South Sudan not included in data

